Aim and Background: Diabetes is one of the most prevalent and costly chronic diseases that imposes many limitations on the activities of the patient. Stress reduction treatment based on mindfulness is an intervention which is used in mind-body medicine in order to reduce mental and physical disorders in patients with chronic diseases. So, this study aims to investigate the effectiveness of stress reduction treatment based on mindfulness on emotion regulation problems and glycemic control in patients with type 2 diabetes.
Introduction

Introduction to the Problem
Diabetes is a complex metabolic disorder which is characterized by hyperglycemia (high blood sugar). Hyperglycemia is a result of impaired secretion or functioning of insulin or both. Diabetes is a disabling chronic disease (Barnard, Lioyd, & Holt, 2012) . Because of physical problems like retinopathy, nephropathy, neuropathy, cardiovascular diseases and psychological effects, diabetes significantly affects patients' quality of life (Longo et al., 2012) .
Physical and mental stresses stimulate neuro-hormonal pathways, specifically hypothalamic-pituitary-adrenal axis. Catecholamine and glucocorticoid axes affect structure and function of specific tissues, resulting in cytokine secretion. All these increase glucagon production and reduce reabsorption or breaking down of sugar in peripheral muscles. Cytokinin basically causes stress oxidative and inflammation processes through interleukin 6, which results in insulin resistance and cardiovascular complications. Relaxation is a process which can regulate cortisol and other stress hormones. Structured meditations, such as stress-based mindfulness, teach how to evoke such a response by focusing on diaphragmatic breathing (Dinardo, 2009 ).
Importance of the Problem
Previous studies on psychological problems of diabetes mellitus patients have shown that 40% of the population had psychological problems. Major complaints have mostly been about prevalence of the disease, depression, obsession-obligation, physical problems, and anxiety and distress. A review study on studies conducted in years 2006 to 2011 in United States and Europe showed widespread comorbidity between depression and diabetes (Roy & Lioyd, 2012) . Depression in diabetes patients is accompanied by self-care behaviors that are lower than the desired level and less compliance to the required medications and diet (Karan, Tanveer, Jaskanwal, & Jayadave, 2012) . Poor emotional health leads to other undesirable outcomes, such as reduced quality of life, undesirable metabolic control, and increased mortality rate (Fisher et al., 2008) . There are at least three reasons that justify psychological interventions for diabetes patients: improved disease and situation acceptance by the patient, behavior changes for better self-care, and eliminations of the psychological barriers to disease control (Feifer & Tansman, 1999) .
The relationship between quality of life and psychological health and the prevalence of psychological problems in patients with diabetes necessitate effective interventions to improve psychological health and quality of life for these patients. In this study, MBSR interventions are employed to deal with emotion regulation problems and blood sugar control. When it comes to emotion regulation, it is a cognitive coping strategy that persons use after experiencing negative situations that cause reduce, maintain or increase an emotion. These coping strategies include self-blame, acceptance, rumination, positive refocusing, refocus on planning, positive reappraisal, putting into perspective, catastrophizing and other-blame (Gross, 1998) .
Mindfulness is a type of meditation that focuses on conscious presence in the moment in a purposeful and nonjudgmental manner. In the past 30 years, there has been a growing interest in using mindfulness for therapeutic purposes; a review of literature shows more than 70 published papers by 2007 (Ludwig & Kabat-Zinn, 2008) . Stress reduction-based mindfulness is a structured group program with the aim of reducing pain and stress and improving psychological health for patients. Studies have shown that MBSR does not have any negative effects on fibroma, chronic pain, rheumatoid arthritis, diabetes, chronic fatigue syndrome, cancer, blood pressure, aids, skin diseases, multiple chemical sensitivity and cardiovascular diseases. In fact, it has long-term positive therapeutic outcomes in distress reduction in various chronic diseases (Hartmann et al., 2012) . Treatment of diabetes, as a worldwide chronic disease, requires constant and effective blood sugar control. Blood sugar control is closely related to stress, since stress causes sugar to be released into blood. Previous studies have investigated the relationship between stress and weak blood sugar control in those with diabetes. They have also investigated the effect of different stress management strategies on blood sugar levels (T. Morris, Moore, & F. Morris, 2011) .
Compared with the general population, patients with diabetes are twice as likely to develop anxiety and depression. This results in less compliance with treatment and therefore weak blood sugar control. Evidence shows that treating psychological issues in those with diabetes can improve their health. Psychological distress is related to impaired blood sugar control in people with diabetes (Karan et al., 2012) .
The core of MBSR is to teach mindfulness meditation and its applications in daily life and in coping with stress, pain, and illness (Rosenzweig et al., 2010) . Mindfulness-based stress reduction is a behavioral intervention that relies on concentrating on self. MBSR exercises center around focusing on thoughts, emotions, and perceptions. These skills are acquired through focusing on breathing to focusing on every other living activity. MBSR helps by changing people's understanding of stressful events and enhancing their ability to control their life. It has been shown that MBSR has positive effects on physical and psychological symptoms and can be an effective auxiliary treatment for physical illnesses. MBSR results in significant improvements in general aspects of welfare, including quality of life, approaches of dealing with chronic diseases, anxiety, and depression (Grossman, TiefenthalerGilmer, Raysz, & Kesper, 2007) .
Despite the above-mentioned generally-approved positive effects of MBSR, few studies have so far been conducted on the effectiveness of such approaches on chronic diseases like diabetes in Iran. There is no doubt that MBSR is an effective help in this regard. Therefore, the main goal in this study is to investigate the effectiveness of MBSR on emotion regulation and blood sugar control in patients with diabetes type II. To this aim, the study will first introduce this type of intervention, and then try to teach MBSR approach with respect to research variables. Accordingly, the main question is: "Does MBSR have positive effects on emotion regulation and blood sugar control?"
Materials and Methods
This study is an applied research in nature. Such studies are also called action research and emphasize providing specific solutions in the course of real activities.
The study is quasi-experimental and uses control and experimental groups, as well as pre-test and post-test. The intervention was used for the experimental group. No interventions were used for the control group.
Research population consists of patients with diabetes type II who were referred to Mollasadra Diabetes Clinic in Isfahan, Iran. In this study 20 individuals were included in each of the experimental and control groups through directed sample selection (considering loss). At the end, 34 individuals remained that were assigned to two 17-member groups. Inclusion criteria were: absence of any severe psychiatric disease, lack of amputee or maims, being on no psychiatric medications, no experience of diabetic coma, high school diploma or higher, 18 years of age or above, a member of Mollasadra Diabetes Clinic, and not following any other training program before and during MBSR intervention sessions.
Each group was given the Cognitive Emotion Regulation Questionnaire (CERQ) (Garnefski, Kraaij, & Spinhoven, 2001) and their blood glucose levels (glucometer device), were measured. This was the pretest stage. Afterwards, each group received MBSR in the course of eight sessions (two months, one two-hour session per week). At the post-test stage, the above questionnaire was again filled by the subjects, and their blood glucose levels were measured by researcher who had received the necessary training to measure blood glucose levels.
The CREQ is a self-report questionnaire consisting of 36 items. It is an easy-to-use tool which is applicable for all individuals of age 12 or above (in both normal and clinical populations). The results of Garnefski and Kraaij (2007) showed that the CERQ had good factorial validity and high reliabilities, with Cronbach's as ranging between 0.75 and 0.87 (Garnefski & Kraaij, 2007) . The subscales evaluate nine cognitive approaches: self-blame, acceptance, rumination, positive refocusing, refocus on planning, positive reappraisal, putting into perspective, catastrophizing, and other-blame. Scores span from 1 (almost never) to 5 (almost always). Each subscale includes four items. The overall score for each subscale is calculated by adding up the scores of different items, which means that the score for each subscale will be between 4 and 20. A high score for a subscale means that the related approach is used in most of the cases by the person in the face of stressful and negative experiences.
The results showed that the measure consists of 9 factors, and distribution of test items was consistent with that of the original test. In addition, the correlation pattern observed among subscales of the questionnaire indicate that the questionnaire is multidimensional with every subscale benefitting from a relative independence. In this respect, results of factor analysis in different populations have shown that the 9-factor structure of the CERQ is unchangeable according to sex and age variables (Endler & Parker, 1993) .
To measure blood glucose levels of diabetic patients we used a glucometer device. A glucometer can function using only a modicum of blood (1.5 μlit). Rheney and Kirk (2000) showed that there was minimum difference between the results achieved by this device and laboratory data (Rheney & Kirk, 2000) . We used GO-based strips (Glucose Oxidase) in our glucometer device. According to Tang et al. (2001) , increasing oxygen pressure in these strips results in decreased measured glucose. However, different pressures of oxygen have a negligible effect on measurements (Tang, Louie, Lee, Miller, & Kost, 2001 ).
Ethical considerations: to observe research ethics, MBSR was also applied for the control group in 4-5 sessions after the post-test stage. 3. Practice: assessment of symptoms of distress issues using Simons and Gaher's Distress Tolerance Scale (DTS), emotion regulation using CERQ-P, self-regulation using Miller and Brown's Self Regulation Questionnaire (SRQ), and measurement of blood sugar levels (fasting) by means of glucometer.
4. Technique: body scan.
5. Participants' feedback, after practicing -giving instructions for practicing at home. 
Results
In this research, qualified individuals were randomly assigned to control (N=17) and experimental (N=17) groups, that this number was in both groups, including 9 women and 8 men. In terms of age category, 1 person in the control group and 2 person in the experimental group, were under the age of 26; 2 person in the control group and 3 person in the experimental group, were between 26-35 years old; 4 person in the control group and 3 person in the experimental group, were between 36-45 years old; 4 person in the control group and 4 person in the experimental group, were between 45-55 years old and 6 person in the control group and 5 person in the experimental group, were between 56-65 years old. Also, 6 person in the control group and 5 person in the experimental group, were single and others were married. In addition, in terms of educational level, in control group, 4 person had diploma, 2 person had Assistant, 6 person had BS, 4 person had MSc and 1 person had P.H.D, and in experimental group, 3 person had diploma, 9 person had BS and 5 person had MSc.
Descriptive results of this study include mean and standard deviation. In addition, we used MANCOVA to test research hypotheses. To check the normality of data, Kolmogorov-Smirnov test was used; to check the homogeneity of variances, Leven test was used; and to check the homogeneity of correlations among research variables, box's M test was used. Below are the research hypotheses and the related obtained results.
Using MANCOVA has a number requirements: 1) normality, 2) homogeneity of variances, 3) homogeneity of Mean and standard deviation of pre-test and post-test scores of emotion regulation approaches and blood sugar control in intervention and control groups are shown in Table 3 . Table 4 shows the results of MANCOVA for a comparison of emotion regulation approaches between the two groups. As is shown in Table 4 , after normalizing the effect of synchronous variables (sex, education, age, and pre-test) on the dependent variable, a significant difference is observed between intervention and control groups for all emotion regulation subscales, except catastrophizing, (P>0.05). Therefore, the research hypothesis that MBSR affects different aspects of emotion regulation in patients with diabetes type II is confirmed, except catastrophizing. Table 5 shows the results of MANCOVA for a comparison of blood sugar control between the two groups. As is shown in Table 5 , after normalizing the effect of synchronous variables (sex, education, age, and pre-test) on the dependent variable, a significant difference is observed between intervention and control groups regarding blood sugar control (P<0.05). Therefore, the hypothesis that MBSR affects blood sugar control for patients with diabetes type II is confirmed. 
Discussion
According to data analysis results provided in the previous section, MBSR does affect emotion regulation in patients with diabetes type II. Here, "emotion regulation" is a term that specifies different cognitive coping strategies that people used after having experienced negative situations, resulting in reduction, maintenance, or intensification of an emotion. This means that, thoughts and cognition play an important role in a person's ability to manage, regulate, and control feelings and emotions after going through a stressful event. Such coping strategies include self-blame, rumination, acceptance, other-blame, catastrophizing, putting into perspective, positive reappraisal, positive refocusing, and refocus on planning. Each of these strategies have their own specific outcomes. Our results are in line with those of Opialla et al. (2015) , Goldin, Ziv, Jazaieri, Hahn and Gross (2013) , Vago and Silbersweig (2012) , Vøllestad, Sivertsen and Nielsen (2011) and Philippe and Gross (2010) . It seems that MBSR has been a good stimulating factor for emotion regulation in patients with diabetes type II.
An explanation for the above result could be that MBSR intervention encouraged patients to look at the negative experiences and events from a different perspective, go through negative emotions less intensely, modify their emotional reactions, and therefore, experience less discomfort or stress. Diabetes can negatively affect a person's emotions, as was shown in the pre-test stage of this study. The reason might be sought in the effects of this disease on the psychological states of the patient. Among these problems are self-blame, rumination and other-blame, which are sometimes used in an obsessive manner. A decline in acceptance, focusing, and putting in perspective was also observed in these patients.
MBSR interventions offer a new way of confronting with distressful emotions and emotional strategies by emphasizing reflection on thoughts and changing awareness instead of challenging and changing the thoughts (Hartman et al., 2012) . Since emotion regulation has several dimensions, mindfulness strategies were designed so that they could affect all of the aspects of the problem. MBSR exercises can affect the cognitive system and information processing through enhancing a person's awareness of the moment by a number of techniques, such as focusing on breathing and focusing on the body. In this way, this method can improve emotion regulation strategies. The three components of this method -moment-to-moment living, awareness, and nonjudgmental presenceincrease a patient's acceptance and limits self-blame and rumination (Dinardo, 2009 ).
According to the results of the study, it seems that the body scan technique has had a good effect on patients' focusing. During the MBSR course, patients received clear instructions and exercises to help them understand the meaning of their thoughts, physical senses and internal emotions that together form a complete package. Emotions and thoughts are generally expressed through personal pronouns. For example, feelings are expressed as "my feelings".
MBSR is new method to follow thoughts and emotions by constantly focusing on the body, and analyzing how and where an emotion is manifested in a physical state. This method can be surprisingly beneficial. One way of achieving this is through the body scan technique. Another way is through yoga exercise that help regulate emotions and thoughts in addition to physical training. Techniques such as eating, listening, and watching meditations, etc. teach patients how to let go of their physical senses in every moment when alone. This will prevent them from thinking about themselves and their experiences. This will limit their referring to self-blame and rumination strategies.
Based on Kabat-zinn's findings (2005), it can be explained that Lake and mountain meditation also seems to have a positive effect on the emotion regulation strategies. This technique creates a sense of unification with both the natural and human world, enhancing flexibility of perspective and acceptance in patients. It can be said that, the forgiveness meditation technique, with the aim of loving and creating love, causes a patient to feel important, standing at the center of a love circle in which all loveable people are standing. The patients will learn to forgive and expand this circle little by little.
Also, according to the Kabat-zinn's finding (2005), it can be said that in this research, this techniques seems to have reduced "other-blame" in patients. "Write yourself down" is another helpful technique for regulating unpleasant emotions towards self and family. It motivates a person to accept himself or herself, and find a personal path in life. This in turn will reduce "self-blame". Moreover, this technique changes the focus from the past to the future, and thus, helps patients to set personal goals and identify personal preferences, enhancing "refocus on planning" and "positive reappraisal" in them.
Another major finding of the study is that MBSR has a positive effect on blood sugar control for patients with diabetes type II. Blood sugar control means awareness of blood glycogen levels and reduce of blood glucose levels, which was related to self-management behavior and psychological stress. The result was adherence to proper treatment, reduce of blood glucose levels and regular blood sugar monitoring. These results were in line with those of Van Son et al. (2013) , Van Son, Nyklíček, Pop and Pouwer (2011), Morris, Moore and Morris (2011) and Rosenzweig et al. (2007) .
According to the Bishop's finding (2002) , it can be explained that Techniques of MBSR such as yoga and body-scan exercises not only enhance physical motion and help regulate emotions, but also reduce blood sugar levels (in cases even to normal levels). Daily yoga exercises for at least 30 minutes have shown to be effective in treating conditions such as asthma, diabetes, chronic obesity, cardiac illnesses, and various mental and psychological disorders. Alternating expansion and contraction of the abdominal viscera and increased abdominal pressure in this technique increases blood pressure and causes the liver, the pancreas and other internal organs to work better. Blood sugar level was dropped (to near-normal level) after lunch in most of the patients, resulting in a significant reduction in the required dosage of medicines like insulin. According to the findings of Whitebird, Kreitzer & O'Connor (2010) and nanda (n.d), it can be explained that it should be mentioned that before MBSR intervention, all of the patients were on diabetes medications and had diet limitations. Although no changes were made to their medications and diet, it seems that MBSR techniques such as yoga, had significant positive effects on their life style. Some might argue that yoga is nothing but physical flexibility and mental peace; however, medical studies have shown that yoga can directly affect central nervous system, blood flow, and metabolism.
As a result, According to the research of Whitebird et al. (2010) , it can be explained that an obvious improvement in reduce of blood glucose and diabetes and weight loss is observed after MBSR intervention. This does not necessarily mean that a patient can discontinue his or her medications or diet limitations.
Conclusion
In agreement with our hypothesis, we found that MBSR led to better emotion regulation and lower levels of blood glucose. MBSR interventions seek to establish and reinforce a nonreactive, nonjudgmental approach to thoughts and emotions and to cultivate acceptance through moment-to-moment awareness or "mindfulness." (Shapiro, Schwartz, & Bonner, 1998) . However, in this research, although in both variables (emotion regulation and blood sugar control) the effect sizes were remarkable, in emotion regulation variable, no significant effect could be demonstrated for the catastrophizing subscale.
So, following this research and according to the results of the analysis of collected data, can be used from MBSR intervention to improve mental health and eliminate psychological problems in patients with diabetes type II. It should be noted that this research has been done in Molasadra Diabetes Clinic of Isfahan, therefore, caution should be exercised in generalizing its results to other similar diabetes clinics. Also, the reaction of some people to some of the techniques of MBSR, it is not only different in different societies, but also different from one group to another. Despite the limitations of the study, this study adds to the sparse literature on stress and late diabetes complications and emphasizes the potential of psychosocial interventions. The specific benefit of MBSR is its preventive nature and wide applicability for a variety of symptoms.
